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ABSTRACT

Background: For stable induction of tetraploidy in Fallopia multiflora Haraldson, colchicine was treated to establish the condition
of induction and investigated the morphological and cytogenetic traits of the tetraploid plants obtained compared to those of diploid
ones.

Methods and Results: For the induction of tetraploidy, F multiflora plants were soaked in aqueous solutions of colchicine at vari-
ous concentration (0.1, 0.5, and 1.0%). After this, 2% dimethyl sulfoxide (DMSO) was added at room temperature on a shaker set at
150 rpm for periods of 12, 24, and 48 h. The induction rate of tetraploids appeared to be the highest in plants treated with 0.5% col-
chicine for 24 h. As the colchicine concentration and soaking time increased above these levels, the growing tip of the roots did not
develop and they began to rot. When compared to diploid plants, tetraploids differed greatly in various characteristics, including the
sizes and shapes of the leaves, fruits, flowers and roots. The induced tetraploid F. multiflora had larger guard cells, and chloroplasts,
increased number of chloroplast in the guard cells and decreased stomatal densities.

Conclusions: When colchicine induced plants for tetraploid, it can be distinguished from diploids, in various characteristics such as
morphological changes as stomatal size, number of chloroplasts per guard cell, number of chromosomes and flow cytometry. There-
fore, it proved that these methods are suitable, quick and easy methods for the identification of the ploidy level of £ multiflora.
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Table 1. Effect of colchicine on tetraploid induction of . multiflora.

Treatment” %Plants by ploidy level
Colchicine Pla.ntsd
concentration DUration sur(\;/l\;e Diploid Mixploid Tetraploid

%) (hrs) o
12 32? 96.90 3.107 -

0.1 24 26 93.80  6.20° -
48 144 81.30 18.80° -
12 33° 95.40 450" 0.12°

0.5 24 23¢ 91.50 8.00°  0.50°
48 2¢ 66.70  33.30° -
12 28" 91.80 8.10° 0.12°

1.0 24 16¢ 87.30 12.70¢ -
48 2¢ 58.30  41.70° -

DTreatment; number of seeding per treatment (800 ea). *Means
within a column followed by different letters indicate significant
differences according to Duncan’s Multiple Range Test (DMRT, p <
0.05).

3 (Ahloowalia, 1967), Platanus acerifolia =2 FAE
0.5% Z3]x1el 24 A7+ HAT 749 XAREo] 100%°] ©]&
o} (Liu et al., 2007). AR & AFoA s 0.5%<]
HwA 5] Felxle] FAE 24 A7 AR oF
23%2] AEL-S BT} (Table 1).
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=Qthe B3 (Zhang and Gao, 2006)2 H Aol|lA Fx}
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cytometry= 7} AER wAdS ARt 4ujA] B Snl
A2 A JHAE Addste] 273l F 48

Age wied AAZS A flow cytometryE ©]&,
GAINgES 485 o2 IgAF &, 919] DNA o] wi7h

S glste] Misid= 28iA AE25E F5¥ DNA
2. G1 phase®l|l fluorescent intensityzte] 10022 &1
, dA] 21Ee] 739 200, EFAIE peakZt 1002+ 20001
Ak S RIS (Fig. 1.).
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Fig. 1.Histograms of relative DNA content obtained by flow cytometric anal usi
from young leaf tissue of diploid (A), mixploi

multiflora.

ZA] e A

A T 12 F Fol] Sl 72 5 -
Azt A3 AL BE SA7F 29A%] Ao R YEstTE (data
not shown). A=A 4AAE 2]EAH ] 7+ A €] Hl
TRE AT A R e AEA dF SA A 2604
2 A SA7F 25 FEEAY (data not shown).

o] Azt= Z8]xS AT|gk Jrie] A FAEA ] v
dol AL 719 thA] AR Fobd & QAL o= Aol
AAEGTE 2003 A|2ze] BEEE7F A Al2e] £ S%
Ho} WE2ug 7|3 wet ASEI)ole 2HiA] AE7T 4uRA)]
Azrok o BobAY, 284A] M8}k 4] Al 27t Fd et
Al SAAY 48iA] M| 2Z2RE SR8k 797 At Bt
A&} (Kim, 2017).

mebs F313 AgE Fote] sk ajAlE ALk A
A=A SN SuljeA| o] A2 F on7t gle Ao
vE)h T3 miAE A=A SAA AR ste] dds)
AoeE S $7] e 2pdxel wieAdS AR A st
AR gR1E A HAE A5 St st x|

2 arslelol & Ro= waH,
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S abiFIol g 24X

Flow cytometry %41 §3l SrH 4mjx] A=25E o
AT AUASRE 2AF] ol5e] w5y olRE 13l
o} (Fig. 2).

B A7elM ARE sree] AMAl = 2n=2x=22 <l
AR Fald Aol <latel §718 A 107471e] QA
T BT 2n=4x=44 =2 FRI HIJ} (Fig. 2).

Z) s AYE sher] Ao FAASE -
2x =22 7o, Holol] F3|Z1 A F 7T MSHiA] ol A
WolAlA ofdl o] MRS 2AK At #4718 sk 4l
o) AAAGE 20— 4x— 4T B A XSkt
(Huang et al., 2014; Zhang and Gao, 2006).
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Fig. 2. Chromosome number of F multiflora. (A)

tetraploid 2n = 4x = 44 and (B) diploid 2n = 2 X
= 22.

A A AT} (Sari ef al., 1999).
. ol iAol SHAHIE 2

Z3)3 HE2 f71E 4 2 28] sl
¥ EAS vl A 2afA1 ] FEAE )
et 13.4 710d vs] Al s Ha 232 = 2 6)
2okt dEAle] A7)E s BH 28jxl= Aol
24 m Z 23 mPL, A= Aol 33 um, Z 32 /m= 44
A7F B & AR ZAREUTE (Table 2, Fig. 3).
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al., 1992).
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Table 3. Comparison of leaf characteristics between diploid and
tetraploid on F. muiltiflora.

Fig. 3. Comparlson of tetrapI0|d (A) and d|p|0|d (B)
chloroplasts in guard cell pairs of the F multiflora.

al., 1994; Bae et al., 2001; Kwon et al., 2013).

WA A7]= 2fAGM = Hole} o] Z42F 19.2 m,
18.0 /m 16l vl&f 4= 38.9 pm, 303 m 2 AL F
v AE Aot FAHEe] = 200A7F 104 A/mi = 4
viA] 28 Z/mi 7} Bk 3.7 v) A= BATH (Table 2).

SRS vigAdel] we FAMEe] Sroll A 2ufAl 387 A
/mit, 48R 191 JH/mi WE HIEYT ClE A= 26H] 7t
264 N/mf, 4MA 7} 73 A/mi 2 wjgrdo] Zrhgol wEk &
oJstA FHAMEL] 7} FolEthe Balet vlg- fAKSE A
o)At} (Kim er al., 2003a, 2003b).

5. 5P A9} A A2 S bl
QaAe] 2 SRIF A AEe] AR 4SS W

i
734 200A1e] f 9 el oot U= 49| ‘:} 22 73
748k (data not shown)S =3

S HAY G FoA=

Plant Leaf Leaf  Petiole Petiole  Chlorophyll
materials length  width  length diameter  content
(cm) (cm) (cm) (mm)  (SPAD value)
Tetraploid ~ 8.57 6.37 3.7¢ 2,18 64.5%*
Dipolid ~ 82* 56  3.0° 14° 52.2°

*Means within a column followed by different letters indicate
significant differences according to Duncan’s Multiple Range Test
(DMRT, p < 0.05).

Fig. 4. Comparison of leaf shape of tetraploid (A) and
diploid (B) of F muiltiflora.

4

Fig. 5. Comparison of tetraplmd (A) and diploid (B) fruits of E multiflora. A; Seed with testa

under a microscope 10%,

; Naked seed under a microscope 16X.

Table 2. Comparison of guard cell chloroplast number between diploid and tetraploid plants on . muiltiflora.

Size of

Plant materials No. of chloroplasts/

chloroplasts (xm)

Size of

No. of guard cell guard cell (¢m)

guard cell pair (no./mm)
Length Width Length Width
Tetraploid 23.2¢ 3.3¢ 3.2¢ 28° 38.9° 30.3%*
Dipolid 13.4° 2.4° 2.3 104 19.2° 18.0°

*Means within a column followed by different letters indicate significant differences according to Duncan’s Multiple Range Test (DMRT,

p < 0.05).
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Table 4. Comparison of Fruit characteristics between diploid and
traploid on F multiflora.

Fruit (mm) 1,000 grain
Plant materials e h
Length  Width wight (g)
Tetraploid 3.4° 2.2¢ 1.6%*
Dipolid 2.2 1.4° 0.9°

*Means within a column followed by different letters indicate
significant differences according to Duncan’s Multiple Range Test
(DMRT, p < 0.05).

O} BF BAXORE FoHS HolA Utk 454 §
FE A 2 EA BATH (Table 3).

s A AlE dele] Fej 5438 vk vlwEsl
t} (Table 4). Evll= SHE AAS Jelolx] S2d3s192H 4
HjA| o] Fuff Zo] 34mme] WHA 28hAE= 22mm=E o 1.5 Hj
Ao HHlE 4eiA 7} 22 mn 2 2604 1.4 mm BT 1.6 W
F9] (Fig. 5) 4MA7} 20 A B} Fe]2 o2 Fiok dHF
S 7Y 1.6 9] HHA 28A= 09g0 2 RFejFoz FA

MRS

G

Atk ole} 72 Aite= 4uljA] FA7F 28 Aol BlEte] =7]7F
AR L FAYR RS Bk YA} (Kihara, 1951).

qufA| o] F3} shx o] B3 Fx) ol 5448 2uA €} H]
WIIHAT} (Table 5). & ZAo|7F A= 1.6mm, 280A] 1.2 mm
2 Hr} 4o, & YH|x A= 3.2 mm, 26§H = 2.6 mm
o2 Fo] AXE EAS B

shxAo] Zol= 2uiAI7F 147 em 2 AL, 3kA e Z7] AA
2 1L1mmE A 2.0 BT} SRiCE ShA T Eee 200A
7F Hd 142 N2 A 92 JfRTE Bokom MY duf &
L% 121 AE 4A 31 QR 4 8 A% 29U} (Table
5, Fig 6).

AmiE 128 3 EEEH/|ol| 7} 3 ¥HR0 R nlEate] o}
AFE AR A3 A E 4uH] HoldsrE 8 U H:
28 FUS WolE-S Al 94.5%, 4NAE 9.1%= 2081A| 7}
wolgo] =9kt) (Table 5). ol= 71&9] /dd miA E5E
o] it FASTHe| FaEHe o] U (Lower and
Johnos, 1969) FatellA Eulid 10 7 o]sl FA7t Tzl
U= E3 (Compton ef al., 2004)9} H]S=31 T,

Fig. 6. Comparison of flower and inflorescence shape on flowering stage (A, B) and
fruit maturation stage(C) of tetraploid(a) and diploid(b) of F. multiflora.

Table 5. Comparison of flower, inflorescence and seed germination characteristics between diploid and tetraploid on £ multiflora.

Plant materials Flower (mm) Inflorescence (cm) No. of flowers/ No. of fruit/ Seed germination
Length Width Length Diameter internode internode (%)
Tetraploid 1.6° 3.2° 8.1 2.0° 92° 31.1° 9.1%*
Dipolid 1.2° 2.6" 14.7° 1.1° 142 121.4° 94.5°

*Means within a column followed by different letters indicate significant differences according to Duncan’s Multiple Range Test (DMRT,

p < 0.05).
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Table 6. Comparison of root growth characteristics between
diploid and tetraploid on F. multiflora.

Main root Main root Main root
Plant . .
materials length diameter wight
(cm) (cm) (g/ea)
Tetraploid 17.0° 5.5° 418%*
Dipolid 13.5° 4.1° 268"

Fig. 7. Comparison of tetrapI0|d (A) and diploid (B) main root
shape of F multiflora.

MAR F71E AWRAE 270l 2 Fd7F gt A 2
=9 At A5 vl A Ao F2e) dole
13.5cm 2 48 17OCmiE} 2, UH|E= 4.1cm 2 40)F]
5.5 cm BT} A9k 20| FFS 2u)A| 7} 268 g/F, 4A 7}
418 g/ = 4HHx1]7} oF 36% F7T} (Table 6, Fig. 7).

B Aode sk 4A1E st G wi=SiA)
colchicineg g|gle] A4 & 9 AAA7RE 1HET &
718 A 2= HH/‘/‘q 245 $13kd flow cytometry©ll
% DNA & w7l i) M) JA8A & ZAE B3 4

HAS BT 5 AT S alAst A Az
o % SR SYe FUAL W 9S4 2] 2 Fe) v

i, A 2 A ASEAS ZAE A3 4HH;—Q]7]' OdUH
A, 7] & ¥y xZo] ARXE EAS Ho vt E2 )
S oeiAE 4lA B Ale] Syt Fzo)g) J}u}
3lar 20189 39 FPAFZZAAE ] “ohA” olgh= E
zuﬂ_& 'u'zz%lo]—oil:]-

LAl 2
B Ape 52053 A7AREAMME: PI0137832018)¢]
Aol ola) o] Folxl RO ofo] ZA=HUT
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